Introduction
DnA based markers provide suitable tools for detailed genetic analysis, gene mapping and estimation of genetic diversity. Microsatellites, also known as Simple Sequence Repeats (SSRs), have emerged as an important source of DnA markers (25) and have been successfully applied for detection of genetic diversity (8, 31) , genome mapping (12, 22) , marker assisted selection of agronomically important traits (11) and genotype differentiation (7, 29) . SSR markers have many advantages for genetic studies over other markers. they are highly polymorphic, locus specific and abundant. Besides, they are distributed over the genome and require only small amounts of genomic DnA for analysis. Microsatellite markers have been developed in many crop species such as soybean (1) , wheat (12) , maize (23) , barley (28) , rice (32) and potato (19) .
in cereals, microsatellites show a much higher level of polymorphism than other marker systems (4, 18, 20, 21) . however, development of microsatellite markers is extremely expensive and time-consuming. only about 30% of all primer pairs developed from microsatellite sequences are functional and suitable for genetic analysis (4, 25) . therefore, it is important to transfer SSR markers among related species. comparative mapping studies clearly reveal the presence of synteny within the genomes of closely related species, such as wheat (Triticum sp.), barley (Hordeum vulgare), rye (Secale cereale), triticale, rice (Oryza sativa) and maize (Zea mays L.) (6) . Sufficient homology exists among several crop genomes in the sequences flanking the SSR loci. Thus, primer pairs of a species can be used in related species and this is called "transferability" (14) . transferability has been used in many species like wheat and rye (5), wheat, rye and triticale (14) , wheat, barley and rye (20) . this similarity and genomic relationship has allowed exchange of SSR primers between crop species. in this study, our objective was to examine the transferability of some SSR markers among cool season cereals. therefore, 27 wheat and 23 barley SSR markers were selected to test the transferability among barley, oat, rye and wheat.
Materials and Methods
Plant materials two durum wheat (Selçuklu and Kiziltan) and three bread wheat (Bezostaya, Gönen, Gün), five barley (Steptoe, Morex, triumph, harrington, tokak), two oat (Seydisehir, Faikbey) and two rye (Aslım, Tetra) cultivars were used to determine transferability of barley and wheat SSR markers.
DNA extraction
DnA was extracted from leaf material of each genotype using genomic DNA purification kit (Fermentas Life Sciences, Genomic DNA Purification Kit). Twenty-three barley microsatellite primers (table 2) and twenty-seven wheat microsatellite primers (table 3) have been tested.
PCR amplification
PCR amplifications were performed using the procedure described by Röder (21) metaphore agarose gel and visualized by ethidium bromide. electrophoresis was applied at 90W constant power for two to three hours. 1x tBe was used as a running buffer.
Scoring and amplification analysis
Amplified fragments were visualised by a gel image system (Vilber lourmat). Bands were analyzed using Biocapt software Bio 1D, 11.04 version. The number of amplified fragments in a species was counted (14) .
Results and Discussion
twenty (74%) of the 27 wheat SSR markers studied were amplified in barley and oat while 19 (70%) were amplified in rye ( Table 1 ), meaning that more than two-thirds of wheat SSRs can be used for any other cool season genus. Sixteen of the wheat markers (Stm18tgag, Stm264agac, Stm553actc, Stm542acag, Stm560acag, Stm578acag, Stm635acag, Stm643acag, Xgwm374, Xgwm513, Xgwm550, Xwmc49, Xwmc329, Xwmc550, Xwmc608 and Xwmc798) were amplified in all four genera while four markers (Stm91agac, Stm527agac, Xgwm130 and Xgwm389) were amplified in three ( Table 3) . Four SSR markers were specific to wheat only and were not amplified in other genera. Many studies have indicated that microsatellite primers of a species could be used and amplified in its close relatives (2, 3, 10, 26). Kuleung et al. (14) have shown that about 70% of wheat and rye SSR markers could be amplified in at least one species of wheat, rye and triticale. the percentage of SSR transferability from wheat to rye was 27% (13), while 60% of seven rye markers could be transferable to wheat (20) . Another study has shown that about 50% SSR primers were transferable from Triticum to Hordeum (9) . transferability of wheat SSRs to other cereal species in the present study is comparable to or higher than those of other studies in the literature. higher transferability rates could be a result of the fact that the SSR markers used in the present study were selected among good quality SSR markers, i.e. single copy and clear amplicon production in the original genus (Fig.  1) . Our findings, thus, confirm that half to two-thirds of wheat SSRs are transferable to other cereal species. SSRs can also be transferred from major cereals such as wheat, rice, maize and sorghum to minor grass species such as finger millet (Eleusine coracana l.) with more than 50% success rate depending upon the genetic relatedness between genera (30). Of the 23 barley SSR markers, 16 (70%) were amplified in wheat (Fig. 2a) , 10 (43.5%) in oat and 12 (52.2%) in rye ( Table 1) . in other words, at least half of the SSR markers developed for barley were amplified in all of the studied genera. nine barley SSR markers (Bmag110, Bmag359, Bmag606, ebmac691, Gbms50, Gbms117, Gbms166, hVM40 and SCSSR7759) were amplified in all four genera, while two markers (Bmag369 and Bmag603) -in three genera ( Table 2) . Five barley SSR markers were specific to barley and were not able to amplify in other genera (Fig. 2b) . These findings also confirm the fact that, as with wheat, transfer success rate of barley SSR markers among different cereal species is around 50%. Although SSR markers amplified in other genera were not mapped, the sizes of the alleles were generally quite similar to the ones in the original species ( Fig. 1 and Fig. 3, Table 3 ). Therefore, it could be stated that SSRs were amplified from conserved or similar genomic regions in all cereals studied. Some data about SSR polymorphisms were obtained, although limited number of genotypes was used (four genotypes for wheat and barley, two for oat and rye). Metaphore agarose gels used to detect amplicon length polymorphisms can distinguish DnA fragments differing in length by 2%. considering the average amplicon size of about 200 bp, metaphore agarose gel can differentiate polymorphisms of four or more base differences. thus, amplicon differing by four or more bases were accepted polymorphic. Fifteen of the 20 wheat SSRs amplified in barley showed polymorphisms among four barley genotypes. Of 20 and 18 amplified wheat SSRs in oat and rye, five and three SSR markers were polymorphic between the two genotypes, respectively (Fig. 3a, b) . Of 16 barley SSR markers amplified in wheat, 14 showed polymorphism among four wheat genotypes. there were four polymorphisms in 10 amplified barley SSRs in two oat genotypes, and three polymorphisms in 12 amplified barley SSRs in two rye genotypes (Fig. 3c) . thus, it can be said that at least in wheat and barley, polymorphism rates of transferred SSR markers are quite high. other SSR transfer studies among cereals indicate low levels of SSR polymorphisms in another cereal species (9, 16, 30) . lower polymorphism rates in at least some of the studies in literature (9) were due to the fact that they used EST-origin SSRs and amplified highly conserved regions, which have high level of transferability but low level of polymorphism. in this study, only two eSt-derived barley SSRs were used (ebmac541, ebmac691).
Microsatellites have many advantages for molecular genetic studies and studies of relationships. however, the major bottleneck is the development of new markers. this process is difficult, costly and laborious. Comparative maps suggest that a marker of one genus/species is likely to be present in another related genus/species (26, 27) , because DNA sequences flanking the SSR loci are highly conserved among closely related species (14) .
Conclusions
this study suggests that microsatellite markers are highly transferable among cereals. our results showed that some of SSR primers produced amplification products with good quality in wheat, barley, oat and rye. Besides, we have found quite high polymorphism rates despite the limited number of genotypes tested. These findings indicate that SSR markers could be transferred among cereal species and can be used in gene mapping and marker assisted selection studies. transferable SSR markers are especially important when there are polymorphic marker shortages in specific regions of the genome. Markers from comparable regions of related genomes can be used. obviously, this approach would be a lot easier and cheaper than developing new SSR primers.
